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1974 [31, 8, 10, 11].
.
$I= \int_{a}^{b}f(\mathcal{I})d_{X}$ (12)
. $(a, b)$ , , .
, $f(x)$ $(a, b.)$ , $x=a$
$x=b$ .
(1.2) $\phi(t)$





$|f(\phi(t))\phi’(t)|\approx\exp(-C\exp|t|)$ , $|t|arrow\infty$ (1.5)
. - , (1.4)
$h$ 1 [29]. , (1.4)
,
$I_{h}=h \sum_{k=-\infty}f(\emptyset(kh))\emptyset’(kh)$ (1.6)
1 , 1 $[6|$ .
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. $k=-N_{-},$ $k=N_{+}$ ,
.
$I_{h}^{(N)}=h \sum_{-}f(k=N_{-}\phi(kh))\phi’(kh)$ , $N=N_{+}+N_{-}+1$ (1.7)
$N$ . , $|I_{h}-I_{h}|(N)$
$|I-I_{h}|$ .
, (1.5)
, $N$ $0$ ,
[31].





$x= \emptyset(t)=\tanh(\frac{\pi}{2}\sinh t)$ (1.9)
$I_{h}^{(N)}=hk=_{-} \sum_{-}’.f(\mathrm{T}N(^{\frac{\pi}{2}}\sinh kh))\frac{2^{\vee-\cdot \mathrm{I}\cdot vl\Phi}}{\cosh^{2}(\frac{\pi}{2}\mathrm{S}\dot{\mathrm{i}}\mathrm{h}kh)}$
.
$\langle$ .
, (1.7) $N$ ,
$| \Delta I_{h}^{(N)}|=|I-I_{h}^{()}N|\simeq\exp(-C_{1}\frac{N}{\log N})$ (1.11)
. , $N$ $0$
. , $(a, b)=(-1,1)$ , (1.2) – ,
$x=\tanh t$ (112)
,
$|\Delta I_{h}^{()}|N\mathrm{p}\approx \mathrm{e}\mathrm{x}(^{-c_{2}}\sqrt{N})$ (113)
. , , $N$
$0$ . , $N$
(111) (113) $0$ . (1.1) , $N=50$
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$I= \int_{-1}^{1}f(.X)dx$ $\Rightarrow$ $x= \tanh(\frac{\pi}{2}\sinh t)$ , (1.14)
$I= \int_{0}^{\infty}f(x)dx$ $\Rightarrow$ $x= \exp(\frac{\pi}{2}\sinh t)$ , (1.15)
$I=. \int_{0}^{\infty}f_{1}(X)\exp(-x)dx$ $\Rightarrow$ $x=\exp(t-\exp(-t))$ , (116)
$I= \int_{-\infty}^{\infty}f(X)dx$ $\Rightarrow$ $x= \sinh(\frac{\pi}{2}\mathrm{S}\dot{\mathrm{i}}\mathrm{h}t)$ . (117)
, ,
IMT [2, 3, 29]. ,
$(-1,1)$ $(-1,1)$ ,
$[29, 30]$ . , IMT $\exp(-c\sqrt{N})$
, - . ,
IMT [12, $7|$ .
, ,
$[26, 27]$ . , Stenger
[25] , Stenger , $\int_{-\infty}^{\infty}g(w)dw$ vk $(-\infty, \infty)$
, $g(w)$ uk $|{\rm Im} w|<d$
. , , $warrow\pm\infty$ –
$(-\infty, \infty)$
. , (113) . ,
$|{\rm Im} w|<d$ , $(-\infty, \infty)$
. ,
(111) ,












$\emptyset(-\infty)=0$ , $\phi(+\infty)=\infty$ (2.2)
,
$tarrow-\infty$ $\phi’(t)arrow 0$ (2.3)
$tarrow+\infty$ $\phi(t)arrow t$ (2.4)
$\phi(t)$
$\{$
$I_{s}$ : $x=M\phi(t)/\omega$ ,
$I_{\mathrm{c}}$ : $x=M \phi(t-\frac{\pi}{2M})/\omega$
$(M=\mathrm{c}\mathrm{o}\mathrm{n}\mathrm{s}\mathrm{t}.)$ (2.5)
, , 1990
[18]. $M$ , . , $x$










$I_{s}=M \int_{-\infty}^{\infty}f1(M\phi(t)/\omega)\sin(M\emptyset(t))\phi’(t)/\omega dt$ (2.9)
, ,
$I_{s,h}^{(N)}=M \text{ }=-N_{-}\sum_{k}^{N}f_{1}(+M\phi(k\text{ })/\omega)s\mathrm{i}n(M\phi(k\text{ }))\emptyset^{J}(k\text{ })/\omega$ (2.10)




sin(M\mbox{\boldmath $\phi$}(k ))\sim sin $Mk\text{ }=\sin\pi k=0$
$\cos(M\phi(kh-\frac{\pi}{2M}))\sim\cos(Mk\text{ }-\frac{\pi}{2})=\cos(\pi k-\frac{\pi}{2})=0$
(2.12)
, $k$ $\sin\omega x$ $\cos\omega x$
.
,
$I= \int_{0}^{\infty}\log \mathcal{I}\sin \mathcal{I}dx=-\gamma$ (2.13)
, $\log x$ $[18, 20]$ .
1: $\log x\sin \mathcal{I}$
$\lim_{\epsilon\downarrow\theta}$
$\int_{0}^{\infty}\exp(-\epsilon X)\log x\sin xdx=-\gamma$ (2.14)
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, (2.10) $f1(x)=\log x$ 70
15 $-\gamma$ . 1 , $\log x\sin X$ ,











, [18] [14, 15, 16]. , ,
Bessel , ,
$I= \int_{-\infty}^{\infty}$ sign $xf(x)d_{X}=( \int_{0}^{\infty}-\int_{-\infty}^{0})f(x)dx$ (3.4)
, [16].







, $\langle$ , Sinc \langle
. , ,
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$(-\infty, \infty)$ . ,
Sinc .
$S(k, h)( \mathcal{I})=\frac{\sin\frac{\pi}{h}(_{X}-k\text{ })}{\pi}$
$\frac{/l}{\frac(x\pi,h-kh)}$
, $k=0,$ $\pm 1,$ $\pm 2,$ $\cdots$ (4.1)
$h$ , $k$ . 2 $h=1$
Sinc .
2: $=1$ Sinc . $S(-1, h),$ $S$ ( $\mathrm{O}$ , ), $S(1, h)$ .
$S(k, h)(x),$ $k=0,$ $\pm 1,$ $\pm 2,$ $\cdots$









Sinc [25] . Sinc $(-\infty, \infty)$
, \infty , [25]
– . ,
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$x=\emptyset(t)$ , $a=\emptyset(-\infty),$ $b=\emptyset(\infty)$ (4.5)
$(-\infty. ’\infty)$ . ,
$y(t)=\tilde{y}(\emptyset(t))$ (46)
, (4.4) .










. – , $y(t)$
$|y(t)|\leq\alpha\exp(-\beta\exp(\gamma|t|))$ (4.11)
,
$|y(t)-yN(t)| \leq c’N^{2}\exp(-\frac{cN}{\log N})$ (4.12)





, Sinc-Collocation Sturm-Liouville ,
(4.12) ,
[4].
, Schr\"odinger pseudospectral $\text{ }\dot{\text{ }}$
$\langle$ Sinc , [5].
,
. – .
[1] –, , 2 –
Sinc-Galerkin –, 8
142-143.
[2] , –, , ,
No 91 (1970) 82-119.
[3] M. Iri, S. Moriguti and Y. Takasawa, On a certain quadrature formula, J. Comput.
Appl. Ma , 17 (1987) 3-20 ([2] ).
[4] , , Sturm-Liouville
, 8 136-137.
[5] , Sinc Pseudospectral DE ,
9 36-37.
[6] M. Mori, On the superiority of the trapezoidal rule for the integration of periodic ana-
lytic functions, Memoirs of Numaerical Maffiematics No.1 (1974) 11-19.
[7] M. Mori, An IMT-type double exponential fonnula for numerical integration, Publ.
RIMS. Kyoto Univ. 14 (1978) 713-729.
[8] M. Mori, Quadrature formulas obtained by variable transformation and the DErule, $J$.
Comput. Appl. Math. 12&13 (1985) 119-130.
[9] M. Mori, The double exponential fornula for numerical integration over the half infi-
nite interval, Numericd Maffiematics Singapore 1988, Intemational Seri\’e of Numerical
Mathematics 86 (1988) 367-379 (Birkh\"auser).
151
[10] M. Mori, An error analysis of quadrature formulas obtained by variable transformation,
Algebraic Analysis, Vol.1, ed. M. Kashiwara and T. Kawai, 1988, 423-437 (Academic
Press).
[11] M. Mori, Developments in the double exponential formulas for numerical integration,
Proceedings of ffie Internationd Congress of Maffiematicians Kyoto 1990, 1585-1594
($\mathrm{S}_{\mathrm{P}^{\Gamma}}\dot{\mathrm{i}}\mathrm{g}\mathrm{e}\mathrm{r}$-Verlag, Tokyo, 1991).
[12] K. Murota and M. Iri, Parameter tuning and repeated application of the IMT-type
transformation in numerical quadrature, Numer. Maffi. 38 (1982) 347-363.
[13] , , , Cauchy Hadamard
DE , 3(1993) 30.9-322.
[14] , , Bessel , .
7 6-7.
[15] , , Bessel –
, No 944 (1996) 87-95.
[16] , , Bessel ,
6(1996) 39-66.
[17] , , DE ,
8 18-19.
[18] T. Ooura and M. Mori, The double exponential formula for oscillatory functions over
the half infinite interval, J. Comput. Appl. Math. 38 (1991) 353-360.
[19] , Euler , 5
111-112.
[20] T. Ooura and M. Mori, Double exponential formula for Fourier type integrals with a
divergent integrand, Contributions in Numerical Maffiematics, World Scientific Series
in Applicable Analysis 2 (1993) 301-308.
[21] , ,
6 260-261.
[22] , Euler DE ,
8 22-23.
[23] , Fourier ,
, 1997 .
152
[24] T. Ooura and M. Mori, A robust double exponential formula for Fourier type integrals,
submitted for publication in J. Comput. Appl. Maffi.
[25] F. Stenger, Numerical Meffiods Based on Sinc and Analytic Functions (Springer-Verlag,
New York, 1993).
[26] , DE , $\mathrm{N}‘ 0.585$ (1986)
150-175.
[27] M. Sugihara, Optimality of the double exponential formula –functional analysis $\mathrm{a}\triangleright$
proach –, Numer.Math. 75 (1997) 379-395.
[28] , Sinc ,
No$.9\Re(1997)125-134$ .
[29] H. Takahasi and M. Mori, Error estimation in the numerical integration of analytic
ffinctions, Report Comput. Centre, Univ. Tokyo 3 (1970) 41-108.
[30] H. Takahasi and M. Mori, Quadrature formulas obtained by variable transformation,
Numer. Maffi. 21 (1973) 206-219.
[31] H. Takahasi and M. Mori, Double exponential formulas for numerical integration, Publ.
RIMS Kyoto Univ. 9 (1974) 721-741.
[32] , , No 253
..
(1975) 24-37.
153
